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1
FLANGED PIPE

TECHNICAL FIELD

The present invention relates to a method of manufacturing,
a tlanged pipe 1n which a flange to be connected to another
member 1s connected to an end portion of a pipe, a manuiac-
turing device for the tlanged pipe, and the flanged pipe.

BACKGROUND ART

Conventionally, as a method for connecting a member-to-
be-connected to a pipe, the following method, for example, 1s
known.

A pipe 1s inserted into a pipe insertion hole formed 1n a
member-to-be-connected, and an expanding die 1s placed in a
hollow portion of the pipe. This die 1s divided into a plurality
of die segments 1n the circumierential direction thereol cen-
tering around a wedge hole portion formed in the central
portion of the die. Next, a wedge portion of a mandrel 1s
inserted mto the wedge hole portion of the die to thereby
move each die segment of the die 1n the radially outward
direction of the pipe. With this, the imnserted portion of the pipe
inserted in the pipe insertion hole and both axially adjacent
portions of the inserted portion are subjected to an expanding,
process (1.e., diameter enlarging process) to thereby connect
the member-to-be-connected to the pipe. This connecting
method 1s also called a nidge lock processing method (see, for
example, Patent Documents 1 to 3).

In this connecting method, both the axially adjacent por-
tions of the inserted portion of the pipe nserted in the pipe
insertion hole are locally pressed outwardly of the pipe from
the inside of the pipe by two pressing protruded portions of
the die segments, locally forming a pull-out preventing
expanded portion (diameter enlarged tubular portion) at each
of the axially adjacent portions. The member-to-be-con-
nected 1s connected to the pipe 1n a state in which the member-
to-be-connected 1s clamped by and between these two
expanded portions. With this, the pull-out joint strength of the
member-to-be-connected to the pipe 1s enhanced. Therelore,
it 1s important to expand both the adjacent portions of the pipe
to enhance the pull-out strength of the pipe.

Patent Document 1: Japanese Unexamined Laid-opened
Patent Application Publication No. H4-8818 (page 2, FIG.

8)

Patent Document 2: Japanese Unexamined Laid-opened
Patent Application Publication No. H11-36859

Patent Document 3: Japanese Unexamined Laid-opened
Patent Application Publication No. H7-223030 (para-
graphs [0004] to [0007], FIGS. 5 to 7)

DISCLOSURE OF THE INVENTION

Problems to be Solved by the Invention

In manufacturing a flanged pipe by connecting a flange as
a member-to-be-connected to an end portion of a pipe accord-
ing to the aforementioned method, there were the following
disadvantages. These disadvantages will be explained with
reference to FIGS. 18 and 19.

In FIG. 18, “101” denotes a pipe circular 1n cross-section,
and “105” denotes a flange. Further, “120” denotes an
expanding die, and “127” denotes an expanding mandrel. The
die 120 1s divided 1nto a plurality of die segments 121 1n the
circumierential direction thereof centering around the wedge
hole portion 123 formed 1n the central portion of the die 120.
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Using the die 120 and the mandrel 127, 1n a state in which
the end portion 102 of the pipe 101 1s inserted 1n the pipe

insertion hole 108 of the flange 105, a portion 1024 of the end
portion 102 of the pipe 101 located at the end face side 102x
thereol and an adjacent portion 103 of the end portion 102 of
the pipe 101 on the opposite side of the end face 102x are
subjected to an expanding process. With this, pull-out pre-
venting enlarged portions (diameter enlarged tubular por-
tions) B1 and B2 are locally formed on both end portions
102a and 103 of the pipe 101, thereby fixing the flange 105 to
the end portion 102 of the pipe 101.

In the case of this jomning method, the enlarged portion B1,
among both the enlarged portions B1 and B2, formed on the
portion 102q of the pipe 101 located on the side of the end face
102x, 1s positioned more outwardly than the connecting sur-
face 103a of the flange 105 since the enlarged portion B1 1s
engaged with the edge portion of the connecting surface 105a
of the flange 101. Therefore, as shown 1n FIG. 19, when
connecting the tlange 103 to another member 150, the portion
102a of the end portion 102 of the pipe 101 on the side of the
end face 102x interferes with another member 150, causing a
problem that the tlange 105 cannot be connected to another
member 150.

On the other hand, in order to solve this problem, 1if the
enlarged portion B1 1s not formed at the portion 1024 of the
end portion 102 of the pipe 101 on the side of the end face
102x, the end portion 102 of the pipe 101 will be easily pulled
out of the pipe msertion hole 108 of the flange 1035, causing a
problem that the pull-out strength of the pipe 101 to the flange
105 deteriorates. In FI1G. 19, “115” denotes a connection bolt
for connecting the flange 105 to another member 150, and
“116” denotes a nut. Further, “112” denotes a bolt insertion
hole of the flange 105, and *“151”” denotes a bolt insertion hole
formed 1n another member 150.

Preferred embodiments of the present invention have been
made 1n view of the alorementioned problems and/or other
problems 1n the related art. The preferred embodiments of the
present invention can significantly improve upon existing
methods and/or apparatuses.

The present invention was made 1n view of the aforemen-
tioned technical background, and its purpose 1s to provide a
method of manufacturing a flanged pipe with a high-joint
strength between a tlange and a pipe, a tlanged pipe manu-
facturing device used 1n the aforementioned manufacturing
method, and a flanged pipe.

Other objects and advantages of the present invention will
be apparent from the following preferred embodiments.

Means for Solving the Problems

The present invention provides the following means.

[1] A flanged pipe manufacturing method comprising;:

a step for preparing a tlange having a pipe insertion hole
and a connecting surface to be connected to another member,
the flange being provided with an engaging dented portion in
an area from an axially intermediate portion of the pipe inser-
tion hole to a position of the connecting surface on an inner
peripheral surface of the pipe insertion hole;

a step for preparing an expanding die divided into a plural-
ity of die segments 1n a circumierential direction;

a pipe msertion step for inserting an end portion of a pipe in
the pipe 1mnsertion hole of the tlange so that an end face of the
pipe 1s positioned within a range from the axially intermedi-
ate portion of the pipe insertion hole to the position of the
connecting surface of the flange; and

an expanding process step for subjecting the end portion of
the pipe and an adjacent portion of the end portion of the pipe
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located opposite to the end face of the pipe to an expanding
process by moving each die segment of the die disposed 1n a
hollow portion of the pipe radially outward of the pipe after
the pipe 1nsertion step to thereby joint the flange to the end
portion of the pipe,

wherein the expanding process step 1s performed so as to
subject the end portion of the pipe to the expanding process so
that the end portion of the pipe 1s engaged with the engaging
dented portion 1n a pull-out direction of pulling out the end
portion of the pipe from the pipe msertion hole.

[2] The manufacturing method of a flanged pipe as recited
in the aforementioned Item 1,

wherein the number of the engaging dented portion 1s
plural,

wherein the plurality of the engaging dented portions are
provided at intervals 1n a circumierential direction of the pipe
insertion hole, and

wherein the expanding process step 1s performed so as to
subject the end portion of the pipe to the expanding process so
that the end portion of the pipe 1s engaged with each engaging
dented portion 1n the circumierential direction of the pipe
insertion hole.

[3] The manufacturing method of a tlanged pipe as recited
in the atorementioned Item 2, wherein an angular portion
between the inner peripheral surface of the pipe msertion hole
and an mner side surface of the engaging dented portion 1s
angular, and wherein a cross-sectional angle of the angular
portion 1s set to 90° or less.

[4] The manufacturing method of a flanged pipe as recited
in the aforementioned Item 2 or 3, wherein the flange 1s
integrally provided with a cylindrical portion protruded oppo-
site to the connecting surface of the flange and having a
hollow portion as the pipe insertion hole.

[5] The manufacturing method of a tlanged pipe as recited
in the aforementioned Item 4, wherein the axially intermedi-
ate portion of the cylindrical portion of the flange has a
plurality of through-holes penetrating 1n a thickness direction
of the cylindrical portion and arranged at intervals 1n a cir-
cumierential direction of the pipe msertion hole, wherein
cach engaging dented portion 1s formed by each through-
hole.

[6] The manufacturing method of a flanged pipe as recited
in the aforementioned Item 4 or 3, wherein, at the expanding
process step, the end portion of the pipe 1s subjected to the
expanding process 1n a state 1n which an outward expansion
amount of the cylindrical portion 1s restricted by a restriction
member arranged outside the cylindrical portion.

['7] The manufacturing method of a tlanged pipe as recited
in any one of the atforementioned Items 2 to 4, wherein each
engaging dented portion 1s formed at a connecting surface
side portion of the tlange on the 1nner peripheral surface of the
pipe 1nsertion hole 1n a state 1n which each engaging dented
portion opens toward an 1nner side of the pipe msertion hole
and the connecting surface side of the flange.

[8] The manufacturing method of a flanged pipe as recited
in the aforementioned Item 1, wherein the engaging dented
portion 1s formed along an entire circumierence of the pipe
insertion hole 1n the circumiferential direction thereotf, and
wherein, at the expanding process step, the end portion of the
pipe 1s subjected to the expanding process so as to be engaged
with the engaging dented portion along the entire periphery of
the pipe insertion hole in the circumiferential direction
thereof.

[9] The manufacturing method of a tlanged pipe as recited
in the atorementioned Item 8, wherein an angular portion
between the mnner peripheral surface of the pipe insertion hole
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and an mner side surface of the engaging dented portion 1s
angular, and wherein a cross-sectional angle of the angular
portion 1s set to 90° or less.

[ 10] The manufacturing method of a flanged pipe as recited
in the aforementioned Item 8 or 9, wherein the flange 1s
integrally provided with a cylindrical portion protruded oppo-
site to the connecting surface of the flange and having a
hollow portion as the pipe insertion hole.

[11] The manufacturing method of a flanged pipe as recited
in the atorementioned Item 10, wherein, at the expanding
process step, the end portion of the pipe 1s subjected to an
expanding process 1n a state 1n which an outward expansion
amount of the cylindrical portion 1s restricted by a restriction
member arranged outside the cylindrical portion.

[ 12] The manufacturing method of a flanged pipe as recited
in any one of the aforementioned Items 8 to 10, wherein
engaging dented portion 1s formed at a connecting surface
side portion of the flange on the 1nner peripheral surface of the
pipe 1nsertion hole 1n a state 1n which engaging dented portion
opens toward an inner side of the pipe msertion hole and the
connecting surface side of the flange.

[13] A flanged pipe manufacturing device for manufactur-
ing a flanged pipe in which a flange having a pipe 1nsertion
hole and a connecting surface to be connected to another
member 1s connected to an end portion of a pipe with the end
portion of the pipe inserted in the pipe insertion hole,

wherein an engaging dented portion 1s formed at a region
from an axially intermediate portion of the pipe insertion hole
to a position of the connecting surface on an inner peripheral
surface of the pipe insertion hole of the flange,

wherein the flanged pipe manufacturing device includes a
die to be arranged in a hollow portion of the pipe, the die being
configured to subject the end portion of the pipe and an
adjacent portion of the end portion of the pipe opposite to an
end surface side of the pipe to an expanding process,

wherein the die 1s divided 1nto a plurality of die segments 1n
a circumierential direction thereof,

wherein at least one die segment among the plurality of die
segments of the die has a pressing protruded portion, and

wherein the pressing protruded portion 1s configured to
press the end potion of the pipe outwardly of the pipe to
thereby protrude the end portion of the pipe outwardly of the
pipe so that the end portion of the pipe 1s engaged with the
engaging dented portion 1n a pull-out direction of pulling out
the end portion of the pipe from the pipe 1nsertion hole.

[14] The flanged pipe manufacturing device as recited 1n
the aforementioned Item 13, wherein the flange 1s integrally
provided with a cylindrical portion protruded opposite to the
connecting surface of the tlange and having a hollow portion
as the pipe msertion hole, and wherein the tlanged pipe manu-
facturing device 1s equipped with a restriction member to be
disposed outside the cylindrical portion to restrict an outward
expansion amount of the cylindrical portion during the
expanding process.

[15] A tlanged pipe in which a flange having a pipe inser-
tion hole and a connecting surface to be connected to another
member 1s connected to an end portion of a pipe with the end
portion of the pipe inserted 1n the pipe insertion hole,

wherein an engaging dented portion 1s formed at a region
from an axially intermediate portion of the pipe insertion hole
to the position of the connecting surface on an inner periph-
eral surface of the pipe msertion hole of the flange,

wherein the end portion of the pipe is inserted 1n the pipe
insertion hole of the flange 1n a state 1n which an end face of
the pipe 1s positioned within a range from the axially inter-
mediate portion of the pipe insertion hole to the position of the
connecting surface of the flange,
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wherein the end portion of the pipe and an adjacent portion
of the end portion of the pipe opposite to the end face side of
the pipe are expanded, whereby the flange 1s connected to the
end portion of the pipe, and

wherein the end portion of the pipe 1s expanded 1n a state 1n
which the end portion of the pipe 1s engaged with the engag-
ing dented portion 1n a pull-out direction of pulling out the
end portion of the pipe from the pipe insertion hole.

[16] The tlanged pipe as recited in the aforementioned Item
15,

wherein the number of the engaging dented portions 1s
plural,

wherein the plurality of the engaging dented portions are
provided at intervals 1n a circumierential direction of the pipe
insertion hole, and

wherein the end portion of the pipe 1s expanded so that the
end portion of the pipe 1s engaged with each engaging dented
portion 1n the circumierential direction of the pipe insertion
hole.

[17] The flanged pipe as recited in the aforementioned Item
16, wherein an angular portion between the inner peripheral
surface of the pipe insertion hole and an inner side surface of
the engaging dented portion 1s angular, and wherein a cross-
sectional angle of the angular portion 1s set to 90° or less.

[18] The tlanged pipe as recited in the aforementioned Item
16 or 17, wherein the flange 1s 1ntegrally provided with a
cylindrical portion protruded opposite to the connecting sur-
face of the flange and having a hollow portion as the pipe
insertion hole.

[19] The flanged pipe as recited in the aforementioned Item
18, wherein the axially intermediate portion of the cylindrical
portion of the flange has a plurality of through-holes penetrat-
ing in a thickness direction of the cylindrical portion and
arranged at intervals 1n a circumierential direction of the pipe
insertion hole, wherein each engaging dented portion 1is
formed by each through-hole.

[20] The flanged pipe as recited 1n any one of the afore-
mentioned Items 16 to 18, wherein each engaging dented
portion 1s formed at a connecting surface side portion of the
flange on the inner peripheral surface of the pipe 1nsertion
hole 1n a state 1n which each engaging dented portion opens
toward an inner side of the pipe insertion hole and the con-
necting surface side of the flange.

[21] The flanged pipe as recited in the aforementioned Item
15, wherein the engaging dented portion 1s formed along the
entire periphery of the pipe insertion hole 1n the circumfier-
ential direction thereof, and wherein the end portion of the
pipe 1s expanded so that the end portion of the pipe 1s engaged
with the engaging dented portion along the entire periphery of
the pipe insertion hole in the circumiferential direction
thereof.

[22] The flanged pipe as recited in the aforementioned Item
21, wherein an angular portion between the inner peripheral
surface of the pipe insertion hole and an 1nner side surface of
the engaging dented portion 1s angular, and wherein a cross-
sectional angle of the angular portion 1s set to 90° or less.

[23] The flanged pipe as recited in the aforementioned Item
21 or 22, wherein the flange 1s 1ntegrally provided with a
cylindrical portion protruded opposite to the connecting sur-
face of the flange and having a hollow portion as the pipe
insertion hole.

[24] The flanged pipe as recited 1n any one of the afore-
mentioned Items 21 to 23, wherein engaging dented portion1s
formed at a connecting surface side portion of the flange on
the inner peripheral surface of the pipe insertion hole 1n a state
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in which engaging dented portion opens toward an 1inner side
of the pipe insertion hole and the connecting surface side of

the flange.

Here, in the aforementioned imvention, the end portion of
the pie denotes a portion of the pipe inserted in the pipe
insertion hole of the flange, 1.¢., the inserted portion of the
pipe mserted in the pipe msertion hole.

Eftects of the Invention

The present invention exerts the following efiects.

In the manufacturing method of a flanged pipe according to
the invention [ 1], by subjecting the end portion of the pipe to
an expanding process so that the end portion of the pipe 1s
engaged with the engaging dented potion 1n a pull-out direc-
tion of pulling out the end portion of the pipe from the pipe
isertion hole, the pull-out strength of the pipe to the flange
can be enhanced.

Furthermore, the expanding process 1s performed 1n a state
in which the end portion of the pipe i1s mserted in the pipe
insertion hole so that the end face of the pipe 1s positioned 1n
a range Irom the axially intermediate portion of the pipe
insertion hole to a position of the connecting surface of the
flange. Therefore, 1n connecting the flange connected to the
end portion of the pipe to another member, the end face side
portion of the end portion of the pipe does not interfere with
another member. Thus, the flange can be connected to another
member 1n a favorable manner.

In the mvention [2], by subjecting the end portion of the
pipe to an expanding process so that the end portion of the
pipe 1s engaged with each engaging dented portion in the
circumierential direction of the pipe msertion hole, 1n addi-
tion to the pull-out strength of the pipe to the flange, the joint
strength of the pipe to the flange 1n the rotational direction can
also be enhanced.

In the mvention [3], the angular portion between the 1nner
peripheral surface of the pipe msertion hole of the flange and
the inner side surface of the engaging dented portion 1s angu-
lar and the cross-sectional angle of the angular portion 1s set
to 90° or less. Therefore, this angular portion prevents the
pipe from being pulled out, which 1n turn can further enhance
the pull-out strength of the pipe to the flange.

In the invention [4], since the flange 1s integrally provided
with a cylindrical portion having a hollow portion as the pipe
insertion hole, the contact area between the end portion of the
pipe and the flange can be increased, and the weight increase
of the flange can be restrained as much as possible. This
enhances the joint strength between the pipe and the flange
and attains the weight saving of the flanged pipe.

In the 1nvention [ 3], since each engaging dented portion 1s
formed by each through-hole, each engaging dented portion
can be formed easily.

Furthermore, by punching the through-hole for forming
the engaging dented portion in the cylindrical portion of the
flange with a punch, the angular portion between the inner
peripheral surface of the pipe insertion hole and the 1nner side
surface of the engaging dented portion can be easily formed
into an angular shape, and the cross-section angle of this
angular portion can be easily set to 90°. This further enhances
the pull-out strength of the pipe to the flange.

Furthermore, the end portion of the pipe can be engaged
with each engaging dented portion 1n the pull-out direction of
pulling out the end portion of the pipe from the pipe insertion
hole, 1n the msertion direction of inserting the end portion of
the pipe into the pipe insertion hole, and 1n the circumierential
direction of the pipe isertion hole. Therefore, the joint
strength of the pipe to the flange 1n the pull-out direction (1.e.,
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the pipe pull-out strength), the joint strength of the pipe to the
flange 1n the pipe 1insertion direction, and the joint strength of

the pipe to the flange in the rotational direction can be
enhanced.

In the mvention [6], by subjecting the end portion of the
pipe to an expanding process in a state in which an outward
expansion amount of the cylindrical portion 1s restricted by a
restriction member arranged outside the cylindrical portion,
the plastic deformation of the cylindrical portion during the
expanding process can be prevented, and possible breakage of
the cylindrical portion can also be prevented. This enables
assured accumulation of the elastic restoring force in the
cylindrical portion during the expanding process, resulting 1n
assuredly enhanced joint strength between the flange and the
pipe.

In the mvention [7], each engaging dented portion can be
casily formed.

In the mvention [8], the pull-out strength of the pipe to the
flange can be enhanced assuredly.

In the invention [9], 1n the same reason as that of the
alforementioned invention [ 3], the pull-out strength of the pipe
to the flange can be further enhanced.

In the invention [10], 1n the same reason as that of the
alforementioned invention [4], the joint strength of the pipe to
the flange can be turther enhanced, and the weight saving of
the flanged pipe can be attained.

In the invention [11], 1n the same reason as that of the
alorementioned invention [ 6], the joint strength of the pipe to
the flange can be further enhanced.

In the mvention [12], the engaging dented portion can be
casily formed.

In the 1nventions [13] and [14], the flanged p1pe manufac-
turing device preferably used 1n the flanged pipe manufactur-
ing method of the present invention can be provided.

In the flanged pipe according the mventions [15]-[19], the
same elfects as those of the atorementioned imnventions [1]-[3]
can be exerted 1n manufacturing the flanged pipe.

In the imvention [20], the same effects as those of the
aforementioned 1mvention [7] can be exerted 1n manufactur-
ing the tlanged pipe.

In the mventions [21]-[23], the same eflects as that of the
aforementioned mventions [8]-[10] can be exerted 1n manu-
facturing the tlanged pipe.

In the 1nvention [24], the same effects as those of the
aforementioned mvention [12] can be exerted 1n manufactur-
ing the tlanged pipe.

BRIEF DESCRIPTION OF DRAWINGS

FI1G. 1 1s a perspective view of a tlanged pipe according to
a first embodiment of the present invention.

FI1G. 2 1s aperspective view of the tlanged pipe as seen from
another direction.

FIG. 3 1s a cross-sectional view showing a state 1n which
the flanged pipe 1s connected to another member.

FIG. 4 15 a perspective showing an expanding die and a
mandrel of a flanged pipe manufacturing device according to
the first embodiment.

FIG. 5 1s a cross-sectional view showing a state before
subjecting the end portion of the pipe to an expanding process
in the first embodiment.

FIG. 6 1s a cross-sectional view showing a state after sub-
jecting the end portion of the pipe to an expanding process in
the first embodiment.

FI1G. 7 1s a perspective view of a tlanged pipe according to
a second embodiment of the present invention.

FIG. 8 1s a cross-sectional view of the flanged pipe.
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FIG. 9 1s a perspective view showing an expanding die and
a mandrel of a flanged pipe manufacturing device according

to the second embodiment.

FIG. 10 1s a cross-sectional view showing a state before
subjecting the end portion of the pipe to an expanding process
in the second embodiment.

FIG. 11 1s a cross-sectional view showing a state after
subjecting the end portion of the pipe to an expanding process
in the second embodiment.

FIG. 12 1s a half cross-sectional view showing a state after
subjecting the end portion of the pipe to an expanding process
by the flanged pipe manufacturing method according to a
third embodiment of the present invention.

FIG. 13 1s a perspective view of a flange of a flanged pipe
according to a fourth embodiment of the present invention.

FIG. 14 1s a cross-sectional view showing a state after
subjecting the end portion of the pipe to an expanding process
in the fourth embodiment.

FIG. 15 1s a perspective view showing a modification of the
flange of the flanged pipe according to the fourth embodi-
ment.

FIG. 16 1s a half cross-sectional view showing a state after
subjecting the end portion of the pipe to an expanding process
by the flanged pipe manufacturing method according to a fifth
embodiment of the present invention.

FIG. 17 1s a half cross-sectional view showing a state after
subjecting the end portion of the pipe to an expanding process
by the flanged pipe manufacturing method according to a
sixth embodiment of the present invention.

FIG. 18 1s cross-sectional view showing a state after sub-
jecting the end portion of the pipe to an expanding process by
a conventional flanged pipe manufacturing method.

FIG. 19 1s a cross-sectional view showing a state 1n the
middle of connecting the flange of the tlanged pipe manufac-
tured by a conventional tlanged pipe manufacturing method
to another member.

DESCRIPTION OF THE REFERENC.
NUMERALS

(Ll

Al-Aé6: Flanged pipe

1: Pipe

2: End portion of the pipe

2a: Portion of the end portion of the pipe on the side of the
end face

2b: Axially intermediate portion of the end portion of the
pipe

2¢: Adjacent portion of the end portion of the pipe

5: Flange

5a: Connecting surface

7. Cylindrical portion

7c: Penetrated portion

8: Pipe sertion hole

9: Inner peripheral surface of the pipe msertion hole

10: Engaging dented portion

10a: Inner side surface of the engaging dented portion

11: Angular portion

20: Expanding die

21: Die segment

22a: First pressing protruded portion

22b: Second pressing protruded portion

23: Wedge hole portion

2’7: Mandrel

27a: Wedge portion

28: Restriction member

30: Flanged p1ipe manufacturing device

50: Another member
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B1, B2: Pull-out preventing expanded portion

X1: Pull-out direction of pulling out the end portion of the
pipe from the pipe msertion hole

X2: Insertion direction of 1nserting the end portion of the
pipe mnto the pipe insertion hole

Y: Circumierential direction of the pipe nsertion hole

BEST MODE FOR CARRYING OUT THE
INVENTION

Next, several embodiments of the present invention will be
explained with reference to drawings.

First Embodiment

FIGS. 1 to 6 are explanatory views showing a flanged pipe
manufacturing method and a manufacturing device according,
to a first embodiment of the present invention.

In FIGS. 1 to 6, “A1” denotes a flanged pipe manufactured
by a manufacturing device 30 according to a first embodi-
ment. This tlanged pipe Al 1s a member in which a flange 5 1s
secured to the end portion 2 of the pipe 1 1n a fixed manner.

The pipe 1 1s used as, for example, an automobile compo-
nent, such as, e.g., a steering support beam, a steering column
holder, a muttler, a frame, a propeller shaft, or a suspension
arm, or a piping member. In the present invention, however,
the pipe 1 1s not limited to be used as one of the aforemen-
tioned members.

This pipe 1 1s a straight member and 1s circular 1n cross-
section. Further, the pipe 1 has a hollow portion 4 circular 1n
cross-section and extending in the axial direction (1.¢., 1n the
length direction thereot). Further, the inner diameter and the
wall thickness of the pipe 1 are set to be constant in the axial
direction of the pipe 1.

The pipe 1 1s made from elastically deformable and plas-
tically deformable material, such as, e.g., metal, more spe-
cifically aluminum (including 1ts alloy). In the present mnven-
tion, however, the material of the pipe 1 1s not limited to
aluminum, and can be, for example, metal, such as, e.g., 1ron,
steel (including stainless steel), copper, or plastics. Further-
more, the pipe 1 can be made of an extruded member, a drawn
member, a welded member, or any other member made by any
other method.

The flange 5 1s, as shown 1 FIG. 3, a member to be
connected to another member 50. The another member 50 1s,
for example, a plate-shaped member.

This flange 5 1s made from elastically deformable material,
such as, e.g., metallic material, more specifically, aluminum
(including its alloy). In the present invention, however, the
material of the flange 5 1s not limited to aluminum, and can be,
for example, metal, such as, e.g., 1ron, steel (including stain-
less steel) or copper, or plastics. Further, the flange 5 can be an
extruded member or a rolled member, or any other members
produced by another method.

This flange 5 1s a press-formed article of a metal plate and
formed 1nto a plate-shape having a pipe insertion hole 8 the
central portion thereol, more specifically formed mto an
annular plate shape. In this flange 5, one of the thickness side
surfaces thereof 1s used as a connecting surface 5a for con-
necting another member 50. This connecting surface 5a 1s
formed 1nto a flat-shape. In this embodiment, the surface 55 of
the flange 5 opposite to the connecting surface 5a 1s referred
to as the other surface of the flange 5.

In the outer peripheral surface portion of the flange 5, a
plurality of connecting tool insertion holes, such as, e.g., bolt
insertion holes 12, are formed at equal intervals in the cir-
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cumierential direction centering around the pipe insertion
hole 8. In this embodiment, the number of bolt insertion holes
12 1s four.

As shown1n FIG. 3, the flange 5 1s integrally provided with
a cylindrical portion 7 protruded to the opposite side of the
connecting surface 5a of the flange 5. This cylindrical portion
7 has a hollow portion and an inner peripheral surface func-
tioning as the pipe insertion hole 8 and the inner peripheral
surface 9 thereof, respectively, and 1s integrally bent from the
flange 5 so as to surround the pipe insertion hole 8.

The pipe insertion hole 8 of the flange 5 has an opening
opened to the opposite side of the connecting surface 5a of the
flange 5 (1.e., the other surface 5b side of the tlange 5) which
functions as a pipe inlet opening 8a and a pipe pull-out open-
ing 8b, respectively.

The flange 5 and the cylindrical portion 7 are integrally
tormed each other by subjecting a metal plate to press work.
Specifically, the cylindrical portion 7 1s formed cylindrically
by subjecting the inner peripheral edge portion of the pipe
insertion hole 8 of the plate-shaped flange 5 to press work.

The tip end side portion 7a of the cylindrical portion 7
extending from the axially intermediate portion thereof 1s
formed into a short cylindrical shape. The cross-sectional
shape of the hollow portion of this cylindrical portion 7a, 1.e.,
the cross-sectional shape of the pipe insertion hole 8, corre-
sponds to the cross-sectional shape of the end portion 2 of the
pipe 1, 1.e., a circular shape.

The flange side portion 7b of the cylindrical portion 7
extending from the axially intermediate portion to the flange
5 1s formed 1nto a tapered shape having a diameter gradually
increased as 1t extends toward the flange 5. With thus, at the
portion of the flange 5 located at the side of the connecting
surface 5a, an engaging dented portion 10 1s formed along the
entire circumierence of the pipe insertion hole 8 1n such a
manner that 1t opens to the inner side of the pipe insertion hole
8 and to the connecting surface 5a side of the flange 5. More
specifically, the engaging dented portion 1s provided at the
area covering from the axially intermediate portion of the
pipe msertion hole 8 to the position of the connecting surface
5a of the flange 5 on the 1nner peripheral surface 9 of the pipe
insertion hole 8 of the flange 5. This engaging dented portion
10 15 formed by press work.

The angular portion 11 formed between the inner periph-
cral surface 9 of the pipe 1nsertion hole 8 and the mnner side
surface 10a of the engaging dented portion 10 1s rounded
along the entire circumiference of the pipe insertion hole 8. In
other words, the angular portion 11 1s formed into a circular
arc shape 1n cross-section. Further, the cross-sectional angle 0
of this angular portion 11 1s formed to have an angle larger
than 90° (degrees) (1.e., 0>90°).

The length of the pipe 1 1s, for example, 50 to 2,000 mm.
The inner diameter of the pipe 1 1s, for example, 20 to 100
mm. The thickness of the pipe 1 1s, for example, 0.5 to 5 mm.

The thickness of the flange 5 and that of the cylindrical
portion 7 each are, for example, 1 to 20 mm. The outer
diameter of the flange 5 1s, for example, 30 to 300 mm. The
diameter of the pipe insertion hole 8 of the flange 5 1s formed
to be larger than the outer diameter of the end portion 2 of the
pipe 1 belore the expanding process by, for example, 0.1 to 1
mm.

In the present invention, however, 1t 1s not limited that the
s1ze of each portion of the pipe 1 and tlange 3 falls within the
alforementioned range, and can be arbitrarily set depending on
the intended purpose or usage of the tlanged pipe Al.
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Hereinatter, for reasons of explanatory simplicity, the por-
tion 2a of the end portion 2 of the pipe 1 located at the side of
the end face 2x 1s referred to as “end face portion 2a of the end
portion 2 of the pipe 1.7

In the flanged pipe Al of this first embodiment, as shown in
FIG. 3, the end portion 2 of the pipe 1 1s inserted 1nto the pipe
insertion hole 8 of the flange 5 from the pipe insertion opening
8a with the end face 2x of the pipe 1 positioned within the
range from the axially intermediate portion of the pipe nser-
tion hole 8 to the position of the connecting surface 3a of the
flange 5. In this state, the end portion 2 of the pipe 1 is
subjected to an expanding process (1.€., pipe diameter enlarg-
ing process) so that the end face portion 2a of the end portion
2 of the pipe 1 1s protruded n the engaging dented portion 10
ol the pipe insertion hole 8 along the entire circumierence of
the end face portion 2a. With this, the end portion 2 of the pipe
1 1s engaged with the engaging dented portion 10 along the
entire circumierence of the pipe msertion hole 8 1n the pull-
out direction X1 of pulling out the end portion 2 of the pipe 1
from the pipe mnsertion hole 8. Furthermore, the adjacent
portion 3 of the pipe 1 adjacent to the end portion 2 of the pipe
1 and positioned on the opposite side of the end face 2x of the
pipe 1s subjected to an expanding process (1.e., pipe diameter
enlarging process) along the entire circumierence thereof.

In detail, at the end face portion 2a of the end portion 2 of
the pipe 1, the pipe 1 1s provided with a pull-out preventing
first expanded portion (pipe diameter enlarged portion) Bl
locally expanded outwardly of the pipe 1 and formed along
the entire circumierence of the pipe 1 by an expanding pro-
cess. The first expanded portion B1 1s disposed in the engag-
ing dented portion 10 and engaged with the engaging dented
portion 10 1n the atorementioned one direction (i.e., pull-out
direction X1). However, the first expanded portion B1 1s not
engaged with the engaging dented portion 10 in the circum-
terential direction’Y of the pipe insertion hole 8 (see FIG. 1).

Furthermore, at the adjacent portion 3 of the end portion 2
of the pipe 1, a pull-out preventing second expanded portion
B2 locally expanded outwardly of the pipe 1 by an expanding
process 1s formed along the entire circumierence of the pipe
1. The second expanded portion B2 1s engaged with the tip
end of the cylindrical portion 7 of the flange 5 1n the 1nsertion
direction X2 of inserting the end portion 2 of the pipe 1 mnto
the pipe insertion hole 8.

In the flanged pipe A1 shown 1n FIG. 3, connection bolts 15
as connecting members are iserted sequentially into the
connecting member 1nsertion hole (bolt insertion hole 12) of
the flange 5 and the connecting member 1nsertion hole (bolt
insertion hole 51) of another member 50 and screwed by nuts
16. Thus, the flanged pipe Al 1s fixedly connected to another
member 50. In this state, the connecting surface 5a of the
flange 5 1s 1 face-to-face contact with another member 50,
and the end face 2x of the pipe 1 1s not positioned outwardly
of the position of the connecting surface 5a of the flange 5,
and therefore the end face 2x 1s not in contact with another
member 50. In the present invention, the connecting member
1s not limited to the connection bolt 51, and can be, for
example, a connecting rivet.

Next, a manufacturing device 30 of the flanged pipe Al of
this first embodiment will be explamned with reference to
FIGS. 4 to 6.

This manufacturing device 30 i1s equipped with, for
example, an expanding die 20, an expanding mandrel 27, a
restriction member 28.

As shown in FIG. 4, the die 20 1s a cylindrical member
made of, e.g., tool steel or super hard alloy. Furthermore, the
die 20 1s integrally provided with a circular plate-shaped or
cylindrical supporting portion 24 for supporting the die 20 1n
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a cantilevered manner at the axial one end portion of the die
20. This supporting portion 24 1s formed to have a diameter
larger than the diameter of the die 20.

The die 20 has awedge hole portion 23 penetrating through
the central portion of the die 20 and the supporting portion 24
in the axial direction of the die 20. The wedge hole portion 23
can have a corn shape or a polygonal pyramid shape. In this
embodiment, 1t has a polygonal pyramid shape, more specifi-
cally an octahedral polygonal pyramid shape. Theretfore, the
cross-sectional shape of the wedge hole portion 23 i1s an
octagon shape.

Furthermore, the die 20 1s divided equally circumieren-
tially into a plurality of die segments 21 centering around the
wedge hole portion 23, and in accordance with this, the sup-
porting portion 24 1s also divided equally circumierentially
into a plurality of supporting portion segments 23 centering
around the wedge hole portion 23. In this embodiment, the
divisional number of the die 20 and that of the supporting
portion 24 each are eight. Furthermore, the die segment 21
and the supporting portion segment 25 are formed 1ntegrally
with each other.

The mandrel 27 has a wedge portion 27a corresponding to
the wedge hole portion 23 of the die 20. This wedge portion
277a 1s integrally formed at the tip end portion of the mandrel
27 1 a tapered manner. The wedge portion 27a can have a
corn shape or a polygonal pyramid shape. In this embodi-
ment, 1t 1s formed into an octahedral polygonal pyramid
shape. The wedge portion 27a can be made of, for example,
tool steel or super hard alloy. The taper angle of the wedge
portion 27a 1s set to be the same as the taper angle of the
wedge hole portion 23 of the die 20, for example, 1 to 30°
(degree). In the present mnvention, however, 1t 1s not limited
that the taper angle of the wedge portion 27a or that of the
wedge hole portion 23 falls within the aforementioned range.

At the other end portion of the mandrel 27, a mandrel
driving means (not i1llustrated) for moving the mandrel 27 1n
the 1nsertion direction of iserting the wedge portion 27a of
the mandrel 27 into the wedge hole portion 23 1s connected.
As the mandrel driving means, a hydraulic cylinder, for
example, can be used.

The mandrel 27 1s configured to move each die segment 21
of the die 20 radially outward of the pipe 1 by inserting the
wedge portion 27a of the mandrel 27 into the wedge hole
portion 23 of the die 20 disposed 1n the hollow portion 4 of the
end portion 2 of the pipe 1 as shown 1n FIGS. 5 and 6.

Each die segment 21 of the die 20 1s moved radially out-
ward of the pipe 1 by the wedge portion 27a of the mandrel 27
to thereby subject the end portion 2 of the pipe 1 and the
adjacent portion 3 thereof to an expanding process. These die
segments 21 are the same 1n configuration and the same 1n
structure with each other.

Each die segment 21 1s integrally provided with a first
pressing protruded portion 22q and the second pressing pro-
truded portion 225 positioned apart from each other in the
axial direction of the die 20. The first pressing protruded
portion 22a and the second pressing protruded portion 225
cach have a circular arc cross-sectional shape and are inte-

grally formed on the outer peripheral surface of the die seg-
ment 21 (1.e., outer surface of the die segment 21 facing the
pipe 1).

The protrusion height of the first pressing protruded por-
tion 22q and that of the second pressing protruded portion 2256
cach are, for example, 0.5 to 10 mm. The width of the first
pressing protruded portion 22a and that of the second press-
ing protruded portion 225 each are, for example, 2 to 20 mm.
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In the present mvention, however, 1t 1s not limited that the
protrusion height and the width fall within the aforemen-
tioned respective ranges.

The first pressing protruded portion 22a 1s configured to
locally protrude the end face portion 2a of the end portion 2 of
the pipe 1 outwardly of the pipe 1 so that the end face portion
2a of the end portion 2 of the pipe 1 1s engaged with the
engaging dented portion 10 by locally pressing the end face
portion 2a of the end portion 2 of the pipe 1 outwardly of the
pipe 1 from the inner side of the pipe 1.

The second pressing protruded portion 225 1s configured to
locally protrude the adjacent portion 3 of the end portion 2 of
the pipe 1 outwardly of the pipe 1 by locally pressing the
adjacent portion 3 of the end portion 2 of the pipe 1 outwardly
ol the pipe 1 from the mner side of the pipe 1.

As shown 1n FIGS. 5 and 6, the restriction member 28 1s
configured to be disposed outside the cylindrical portion 7 of
the flange 5 so as to surround the entire circumierence of the
cylindrical portion 7 to thereby control the outward expansion
amount of the cylindrical portion 7 along the entire circum-
terence of the cylindrical portion 7 to a predetermined expan-
sion amount during the expanding process.

This restriction member 28 has a strength capable of pre-
venting deformation of the restriction member 28 regardless
of the load applied to the restriction member 28 during the
expanding process, and can be made of, for example, tool
steel.

Next, a method of manufacturing a flanged pipe Al using a
manufacturing device 30 of this first embodiment will be
explained.

Initially, the aforementioned flange 5 1s prepared
|[FLANGE PREPARATION STEP]. Further, a manufactur-
ing device 30 equipped with the aforementioned expanding
die 20 1s prepared [ DIE PREPARATION STEP].

Next, as shown 1n FI1G. 3, the end portion 2 of the pipe 1 1s
inserted from the pipe insertion opening 8a into the pipe
insertion hole 8 of the flange 5 so that the end face 2x of the
pipe 1 1s positioned within the range from the axially inter-
mediate portion of the pipe insertion hole 8 to the position of
the connecting surface Sa of the flange 5. This step 1s referred
to as “PIPE INSERTION STEP.” In this embodiment, the end
face 2x of the pipe 1 1s positioned adjacent to the position of
the connecting surface 3a of the flange 5.

Furthermore, the die 20 1s mserted into the hollow portion
4 o1 the end portion 2 of the pipe 1 through the end opening of
the pipe 1 and positioned therein. Furthermore, the restriction
member 28 1s positioned on the outer side of the cylindrical
portion 7 of the flange 5 1n a state in which the restriction
member 28 surrounds the cylindrical portion 7 along the
entire circumierence thereof and a gap 29 1s formed between
the restriction member 28 and the cylindrical portion along,
the entire circumierence of the outer side of the cylindrical
portion 7. This gap 29 corresponds to the expansion amount
of the cylindrical portion 7 to be expanded by the expanding
process, and 1s set to, for example, 0.1 to 1 mm. In the present
invention, however, 1t 1s not limited that the gap 29 falls within
the aforementioned range.

Next, the wedge portion 27a of the mandrel 27 1s forcibly
inserted into the wedge hole portion 23 of the die 20 with a
mandrel driving means. With this, as shown 1n FIG. 6, each
die segment 21 of the die 20 1s moved radially outward of the
pipe 1 to thereby simultaneously expand the end portion 2 of
the pipe 1 and the adjacent portion 3. This step will be referred
to as “EXPANDING PROCESS STEP.”

By this expanding process, the end portion 2 of the pipe 1
1s plastically deformed so as to expand outwardly of the pipe
1 and brought into pressure-contact with the imnner peripheral
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surface 9 of the pipe 1nsertion hole 8. Recerving this pressing,
torce, the cylindrical portion 7 of the flange 5 1s elastically
deformed and expanded outwardly. This elastic deformation
of the cylindrical portion 7 causes accumulation of an elastic
restoring force (springback force) 1in the cylindrical portion 7.
Reaching of the cylindrical portion 7 to the restriction mem-
ber 28 restricts the outward expansion amount of the cylin-
drical portion 7. This prevents plastic deformation of the

cylindrical portion 7 and breakage of the cylindrical portion
7.

Furthermore, at the time of this expanding process step, the
end face portion 2a of the end portion 2 of the pipe 1 1s locally
pressed so as to expand outwardly of the pipe 1 (i.e., within
the engaging dented portion 10) by the first pressing pro-
truded portion 22a of each die segment 21 of the die 20 to be
plastically deformed along the entire circumierence thereof.
With this, a first expanded portion B1 having a circular arc
cross-sectional shape 1s formed at this end face portion 2a
along the entire circumierence thereof. At the same time, this
first expanded portion Bl i1s engaged with the engaging
dented portion 10 1n the pull-out direction X1 of pulling out
the end portion 2 of the pipe 1 from the pipe insertion hole 8
along the entire circumierence of the pipe insertion hole 8.

Furthermore, at the time of the expanding process step, the
adjacent portion 3 of the end portion 2 of the pipe 1 is pressed
outwardly of the pipe 1 by the second pressing protruded
portion 2256 of each die segment 21 of the die 20 to be plas-
tically deformed along the entire circumierence thereof. With
this, a second expanded portion B2 having a circular arc
cross-sectional shape 1s formed at the adjacent portion 3
along the entire circumierence thereof, and this second
expanded portion B2 1s engaged with the tip end of the cylin-
drical portion 7 in the msertion direction X2 of mserting the
end portion 2 of the pipe 1 into the pipe insertion hole 8.

Next, the wedge portion 27a of the mandrel 27 1s pulled out
of the wedge hole portion 23 of the die 20. With this, by the
clastic restoring force accumulated 1n the cylindrical portion
7 of the flange 5, the 1nner peripheral surface 9 of the pipe
insertion hole 8 1s pressed against the outer peripheral surface
of the end portion 2 of the pipe 1 and secured thereto. Thus,
the flange 5 1s fixedly secured to the end portion 2 of the pipe
1. Thereatter, the die 20 1s pulled out of the hollow portion 4
of the pipe 1.

Following the atorementioned steps, a flanged pipe Al
shown 1n FIGS. 1 and 2 1s manufactured.

Thus, the manufacturing method of the flanged pipe Al
according to the first embodiment has the following advan-
tages.

At the expanding process step, the end portion 2 of the pipe
1 1s subjected to an expanding process so that the end portion
2 ofthe pipe 1 1s engaged with the engaging dented portion 10
of the inner peripheral surface 9 of the pipe insertion hole 8 1n
the pull-out direction X1 of pulling out the end portion 2 of
the pipe 1 from the pipe insertion hole 8. This increases the
pull-out strength of the pipe 1 to the flange 5.

Furthermore, the expanding process 1s performed 1n a state
in which the end portion 2 of the pipe 1 1s inserted 1n the pipe
insertion hole 8 of the flange 5 such that the end face 2x of the
pipe 1 1s positioned within the range from the axially inter-
mediate portion of the pipe mnsertion hole 8 to the position of
the connecting surface Sa of the flange 5. Therefore, as shown
in FI1G. 3, in connecting the flange 5 to which the end portion
2 of the pipe 1 1s connected to another member 50, the end
face portion 2a of the end portion 2 of the pipe 1 does not
interfere with another member 50. This results in preferable
connection of the flange 3 to another member 50.
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Furthermore, the engaging dented portion 10 1s formed
along the entire circumierence of the pipe insertion hole 8,

and the end portion 2 of the pipe 1 1s subjected to the expand-
ing process so that the end portion 2 of the pipe 1 1s engaged
with the engaging dented portion 10 along the entire circum-
terence of the pipe insertion hole 8. Theretfore, the pull-out
strength of the pipe 1 to the flange 5 can be increased assur-
edly.

Furthermore, the engaging dented portion 10 1s formed at
the connecting surface 5a side of the flange 5 of the inner
peripheral surface 9 of the pipe 1insertion hole 8 so as to open
toward the inner side of the pipe insertion hole 8 and the
connecting surface 5a side of the flange 5. Therefore, the
engaging dented portion 10 can be formed easily.

Furthermore, since the flange 3 1s integrally provided with
the cylindrical portion 7 having a hollow portion as the pipe
insertion hole 8, the contact area between the end portion 2 of
the pipe 1 and the flange 5 can be increased, and the weight
increase of the flange 5 can be prevented effectively. By this,
the joint strength between the pipe 1 and the flange 5 can be
increased, and the flanged pipe Al can be reduced 1n weight.

The flange 5 and the cylindrical portion 7 are integrally
formed by pressing a metal plate, and therefore a flange 5
having a cylindrical portion 7 can be easily manufactured at
low cost.

By subjecting the end portion 2 of the pipe 1 to an expand-
ing process 1n a state 1n which the end portion 2 of the pipe 1
1s serted 1n the pipe insertion hole 8 of the flange 5 and the
outward expansion amount of the cylindrical portion 7 is
controlled by the restriction member 28 arranged on the outer
side of the cylindrical portion 7, possible plastic deformation
of the cylindrical portion 7 during the expanding process can
be prevented, and possible breakage of the cylindrical portion
7 can also be prevented. This enables assured accumulation of
clastic restoring force in the cylindrical portion 7, which 1n
turn can enhance the joint strength between the tlange 5 and
the end portion 2 of the pipe 1 assuredly.

Second Embodiment

FIGS. 7-11 are explanatory views ol a manufacturing
method and a manufacturing device 30 of a flanged pipe A2
according to a second embodiment of the present invention.
The manufacturing method and the manufacturing device 30
will be explained below focusing on the points different from
the first embodiment.

InFIG. 7, “A2” denotes a flanged pipe manufactured by the
manufacturing device 30 of this second embodiment. In this
flanged pipe A2, as shown in FIGS. 7 and 8, the flange 5 and
the cylindrical portion 7 are integrally formed by a press work
ol a metal plate.

The cylindrical portion 7 of the flange 5 1s formed into a
cylindrical shape along the entire longitudinal area in the
axial direction thereof. Therefore, no engaging dented por-
tion 1s formed at the connecting surface 5a side of the tflange
5 on the 1nner peripheral surtace 9 of the pipe insertion hole 8.

On the other hand, the cylindrical portion 7 of the flange 5
has at 1ts axial intermediate portion thereof a plurality of
through-holes 7¢ penetrated 1n the thickness direction of the
cylindrical portion 7 (that is, in the radial direction of the
cylindrical portion 7) and arranged at equal intervals 1n the
circumierential direction of the pipe 1nsertion hole 8. In this
embodiment, the number of the through-holes 7¢ 1s four. Each
through-hole 7¢ extends in the circumierential direction of
the pipe mnsertion hole 8. The through-hole 7¢ was formed in
the axial intermediate portion of the cylindrical portion 7 with
a punch (not i1llustrated). By forming each through-hole 7¢ 1n
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the axially intermediate portion of the cylindrical portion 7, a
plurality of engaging dented portions 10 are formed at the
axially intermediate portion of the pipe nsertion hole 8 at
equal intervals 1n the circumierential direction of the pipe
isertion hole 8. As explained above, each engaging dented
portion 10 1s formed by each through-hole 7c.

No chamifering 1s made on the angular portion 11 between
the mner peripheral surface 9 of the pipe msertion hole 8 and
the mner side surface 10q of each engaging dented portion 10
of the tlange 5 along the entire circumierence of the engaging
dented portion 10. Thus, the angular portion 11 1s angular. In
detail, no chamfering 1s made on this angular portion 11, and
therefore “C” of the angular portion 11 falls within the range
of 0 to 0.5 mm. Since “C” falls within this range, the angular
portion 11 1s angular. “C” of the angular portion 11 means the
chamiering size C when the angular portion 11 1s subjected to
C chamfering. The cross-sectional angle 0 of this angular
portion 11 1s set to 90° (1.e., 0=90°). In this invention, 1t 1s not
limited that the cross-sectional angle of the angular portion 11
1s 90°. It 1s preferably less than 90°, more preferably within
the range of, for example, 80° to 90°.

In this flanged pipe A2, the end portion 2 of the pipe 1 1s
inserted into the pipe msertion hole 8 of the flange 5 from the
pipe msertion opening 8a so that the end face 2x of the pipe 1
1s positioned within the range from the axially intermediate
portion of the pipe insertion hole 8 to the position of the
connecting face 5q of the flange 5. The end portion 2 of the
pipe 1 1s expanded so that an axially intermediate portion 256
of the end portion 2 of the pipe 1 1s expanded 1n each engaging
dented portion 10, whereby the end portion 2 of the pipe 1 1s
engaged with each engaging dented portion 10 1n the pull-out
direction X1 ol pulling out the end portion 2 of the pipe 1 from
the pipe insertion hole 8, 1n the isertion direction X2 of
inserting the end portion 2 of the pipe 1 into the pipe insertion
hole 8, and 1n the circumierential direction Y of the pipe
insertion hole 8. Furthermore, the adjacent portion 3 of the
end portion 2 of the pipe 1 positioned opposite to the end face
2x of the pipe 1 1s expanded along the entire circumierence
thereof.

That 1s, the axially mtermediate portion 26 of the end
portion 2 of the pipe 1 1s provided with a plurality of (four in
this embodiment) pull-out preventing first expanded portions
B1 expanded locally outward of the pipe 1 by the expanding
process and arranged at equal intervals 1n the circumierential
direction of the pipe 1. Each first expanded portion B1 1is
positioned within each engaging dented portion and engaged
with each engaging dented portion 10 1n the aforementioned
three directions (1.e., the pull-out direction X1, the insertion
direction X2, and the circumierential direction Y).

Furthermore, at the adjacent portion 3 of the end portion 2
of the pipe 1, a pull-out preventing second expanded portion
B2 locally expanded outwardly of the pipe 1 by an expanding
process 1s formed along the entire circumierence of the pipe
1. This second expanded portion B2 1s engaged with the tip
end of the cylindrical portion 7 of the flange 5 1n the 1nsertion
direction X2 of inserting the end portion 2 of the pipe 1 into
the pipe insertion hole 8.

The connecting method of this flanged pipe A2 and another
member 15 the same as 1n the first embodiment (see FIG. 3).

In the manufacturing device 30 of this second embodiment,
as shown in FIG. 9, four die segments 21 of the expanding die
20 among eight die segments each are integrally with a first
pressing protruded portion 22a configured to locally expand
the axially intermediate portion 256 of the end portion 2 of the
pipe 1 outwardly of the pipe 1 by locally pressing the axially
intermediate portion 25 of the end portion 2 of the pipe 1
outwardly of the pipe 1 from the inner side of the pipe 1. The




US 8,714,601 B2

17

die segments 21 each integrally provided with the first press-
ing protruded portion 22a among the eight die segments 21
are arranged every other 1n the circumierential direction of
the die 20. The remaining four die segments 21 have no first
pressing protruded portions 22a.

The other structure of this manufacturing device 30 1s the
same as that of the first embodiment.

Next, a method of manufacturing the flanged pipe A2 using
the manufacturing device 30 of this second embodiment will
be explained below with reference to FIGS. 10 and 11.

As shown 1n FIG. 10, 1n the same manner as 1n the first
embodiment, the end portion 2 of the pipe 1 1s inserted into the
pipe insertion hole 8 of the flange 5 from the pipe 1nsertion
opening 8a so that the end face 2x of the pipe 1 1s positioned
within the range from the axially intermediate portion of the
pipe insertion hole 8 to the position of the connecting surface
5a of the flange 5 [PIPE INSERTION STEP]. Further, the die
20 15 disposed in the hollow portion 4 of the end portion 2 of
the pipe 1. The restriction member 28 1s disposed outwardly
of the cylindrical portion 7 of the flange 5.

Next, the wedge portion 27a of the mandrel 27 1s forcibly
inserted 1nto the wedge hole portion 23 of the die 20 with
mandrel driving means. With this, as shown 1n FIG. 11, each
die segment 21 of the die 20 1s moved radially outward of the
pipe 1 to simultaneously subject the end portion 2 of the pipe
1 and the adjacent portion 3 to an expanding process [EX-
PANDING PROCESS STEP].

By this expanding process step, the axially intermediate
portion 25 of the end portion 2 of the pipe 1 1s pressed by the
first pressing protruded portion 22a of the each die segment
21 of the die 20 so as to expand toward each engaging dented
portion 10, to be locally plastically deformed. With this, four
first expanded portions B1 are formed on this portion 256 at
equal intervals 1n the circumierential direction of the pipe 1,
and each first expanded portion Bl 1s engaged with each
engaging dented portion 10 in the pull-out direction X1 of
pulling out the end portion 2 of the pipe 1 from the pipe
insertion hole 8, 1n the msertion direction X2 of inserting the
end portion 2 of the pipe 1 1nto the pipe msertion hole 8, and
in the circumierential direction Y of the pipe insertion hole 8.

Furthermore, by this expanding process step, a second
expanded portion B2 1s formed at the adjacent portion 3 of the
end portion 2 of the pipe 1 along the entire circumierence of
the pipe 1 by the second pressing protruded portion 2256 of
cach die segment 21 of the die 20, and the second protruded
portion B2 1s engaged with the tip end of the cylindrical
portion 7 of the flange 5 1n 1nsertion direction X2 of inserting,
the end portion 2 of the pipe 1 1nto the pipe insertion hole 8.

Through the aforementioned steps, the tlanged pipe A2
shown 1n FIGS. 7 and 8 1s manufactured.

The manufacturing method of the flanged pipe A2 of the
second embodiment has the following advantages.

At the expanding process step, by subjecting the end por-
tion 2 of the pipe 1 to an expanding process so that the end
portion 2 of the pipe 1 1s engaged with each engaging dented
portion 10 in the circumierential direction of the pipe inser-
tion hole 8, 1n addition to the pull-out strength of the pipe 1 to
the flange 3, the joint strength of the pipe 1 to the flange 5 in
the rotational direction Y can also be increased.

Furthermore, the angular portion 11 between the inner
peripheral surface 9 of the pipe insertion hole 8 of the flange
5 and the mmner side surface 10a of each engaging dented
portion 10 1s angular, and the cross-sectional angle 0 1s set to
90°. Therefore, the pull-out prevention of the pipe 1 can be
attained by this angular portion 11. That 1s, when a load 1s
applied to the pipe 1 1n the pull-out direction X1 with respect
to the flange 5, the angular portion 11 1s assuredly engaged
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with the outer surface of the first expanded portion B1 of the
pipe 1, which prevents pulling-out of the pipe 1. As a result,
the pull-out strength of the pipe 1 to the flange 5 can be further
enhanced.

Furthermore, 1n this flanged pipe A2, a plurality of
through-holes 7¢ penetrated 1n the thickness direction of the
cylindrical portion 7 are formed 1n the axially intermediate
portion of the cylindrical portion 7 of the flange § at intervals
in the circumiferential direction, and each engaging dented
portion 10 1s formed by each through-hole 7¢, and therefore
there are following advantages. That 1s, the through-hole 7c¢
forming the engaging dented portion 10 can be easily formed
by punching the axially intermediate portion of the cylindri-
cal portion 7 of the flange 5 with a punch 1n such a manner that
the angular portion 11 between the inner peripheral surface 9
of the pipe msertion hole 8 and the mner side surface 10a of
the engaging dented portion 10 1s angular. Furthermore, the
cross-sectional angle 0 of the angular portion 11 can be easily
set to 90°.

Furthermore, the end portion 2 of the pipe 1 can be engaged
with each engaging dented portion 10 in the pull-out direction
X1 of pulling out the end portion 2 of the pipe 1 from the pipe
insertion hole 8, 1n 1nsertion direction X2 of inserting the end
portion 2 of the pipe 1 into the pipe insertion hole 8, and 1n the
circumierential direction of the pipe mnsertion hole 8. There-
fore, the joint strength of the pipe 1 to the flange S in the
pull-out direction X1 (1.e., the pull-out strength of the pipe 1),
the joint strength of the pipe 1 to the flange 3 1n the insertion
direction X2, and the joint strength of the pipe 1 to the flange
5 1n the rotational direction Y can be enhanced.

In the present invention, it 1s not limited that the number of
the engaging dented portions 10 and that of the through-holes
7c are four. The number can be variously changed, and can be,
for example, 2 to 16.

Third Embodiment

FIG. 12 1s an explanatory view showing a manufacturing,
method of a flanged pipe A3 according to a third embodiment
ol the present invention. This manufacturing method will be
explained below focusing on the points different from the first
and second embodiments.

In the third embodiment, the axially intermediate portion
of the cylindrical portion 7 of the flange 5 15 provided with a
plurality of bent portions 7d (bead portions) each having a
circular-arc cross-sectional shape bent inwardly of the cylin-
drical portion 7 on the inner surface of the cylindrical portion
7 1n a concave manner and bent outwardly of the cylindrical
portion 7 on the outer surface of the cylindrical portion 7 in a
convex manner at intervals in the circumierential direction of
the pipe insertion hole 8. Thus, a plurality of engaging dented
portions 10 formed by the mner side concave portions of the
plurality of bent portions 74 are formed on the inner periph-
eral surface 9 of the pipe insertion hole 8 of the flange § at
intervals 1n the circumierential direction of the pipe 1nsertion
hole 8. The number of the bent portions 74 and that of the
engaging dented portions 10 each are, for example, four. The
bent portion 7d 1s formed by subjecting the axially interme-
diate portion of the cylindrical portion 7 of the flange S to
press work.

Furthermore, the angular portion 11 of the flange 5
between the mnner peripheral surface 9 of the pipe insertion
hole 8 and the 1nner side surface 10q of each engaging dented
portion 10 1s formed mto a round shape along the entire
circumierence of the engaging dented portion 10. In other
words, this angular portion 11 1s formed 1nto a circular-arc
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cross-sectional shape. Furthermore, the cross-sectional angle
of this angular portion 11 1s formed to be larger than 90°.

The flanged pipe A3 1s manufactured by the same method
as the manufacturing method of the tlanged pipe A2 of the
second embodiment. Although not illustrated 1 FIG. 12,
restriction member 1s preferably arranged outside the cylin-
drical portion 7 of the flange 5 during the expanding process.

In this flanged pipe A3, at an axially intermediate portion
2b6 of the end portion 2 of the pipe 1, four first expanded
portions Bl locally expanded outwardly of the pipe 1 by an
expanding process are formed at equal intervals in the cir-
cumierential direction of the pipe 1. Each first expanded
portion B1 1s disposed in each engaging dented portion 10,
whereby each first expanded portion B1 is engaged with each
engaging dented portion 10 in the pull-out direction X1 of
pulling out the end portion 2 of the pipe 1 from the pipe
insertion hole 8, 1n insertion direction X2 of inserting the end
portion 2 of the pipe 1 into the pipe insertion hole 8, and 1n the
circumierential direction Y of the pipe insertion hole 8.

Furthermore, at the adjacent portion 3 of the end portion 2
of the pipe 1, a second expanded portion B2 locally expanded
outwardly of the pipe 1 1s formed along the entire circumfier-
ence of the pipe 1 by the expanding process. This second
expanded portion B2 1s engaged with the tip end of the cylin-
drical portion 7 of the flange 5 1n the insertion direction X2 of
inserting the end portion 2 of the pipe 1 into the pipe insertion
hole 8.

In the aforementioned third embodiment, the plurality of
bent portions 7d for forming the plurality of engaging dented
portions 10 are formed at intervals in the circumierential
direction of the pipe insertion hole 8. In the present invention,
however, 1t can be configured, for example, such that the
number of the bent portion 74 1s one and this bent portion 7d
1s formed at the axially intermediate portion of the cylindrical
portion 7 of the flange 5 along the entire peripheral direction
ol the pipe msertion hole 8 and therefore the engaging dented
portion 10 1s formed at the axially intermediate portion of the
inner peripheral surface 9 of the pipe msertion hole 8 along
the entire circumierential direction of the pipe 1nsertion hole
8. In this case, the end portion 2 of the pipe 1 1s subjected to
an expanding process so that the end portion 2 1s engaged with
the engaging dented portion 10 along the entire circumieren-
tial direction of the pipe insertion hole 8 in the pull-out direc-
tion X1 of pulling out the end portion 2 of the pipe 1 from the

pipe msertion hole 8 and 1n insertion direction X2 of inserting,
the end portion 2 of the pipe 1 1nto the pipe insertion hole 8.

Fourth Embodiment

FIGS. 13 and 14 are explanatory views showing a manu-
facturing method of the tlanged pipe A4 according to a fourth
embodiment of the present invention. This manufacturing
method will be explained below focusing on the points dii-
terent from the first and second embodiments.

In this fourth embodiment, the flange 5 with cylindrical
portion 7 1s a member not formed by subjecting a metal plate
to press work, but 1s a member formed by subjecting a forged
member, an extruded member or a die-cast member as a raw
material to cutting work, or a member formed by a die-cast
method.

As shown 1n FI1G. 13, at the axially intermediate portion of
the pipe insertion hole 8 on the 1nner peripheral surface 9 of
the pipe 1nsertion hole 8 of the flange 5, a plurality of engag-
ing dented portions 10 are formed at intervals 1n the circum-
terential direction of the pipe insertion hole 8. The number of
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the engaging dented portions 10 1s, for example, four. Each
engaging dented portion 10 1s formed by, for example, cutting

work.

Furthermore, as shown 1n FIG. 14, no chamiering 1s made
on each angular portion 11 between the imnner peripheral sur-
tace 9 of the pipe insertion hole 8 of the tlange 5 and the inner
side surface 10a of each engaging dented portion 10. There-
fore, this angular portion 11 1s angular. The cross-sectional
angle 0 of this angular portion 11 1s set to 90° (that 1s, 0=90).

This flanged pipe A4 1s made by the same manufacturing
method as that of the flanged pipe A2 of the second embodi-
ment. Although not illustrated 1n FI1G. 14, a restriction mem-
ber 1s preferably arranged outside the cylindrical portion 7 of
the flange 5 during the expanding process.

In this flanged pipe A4, at the axially intermediate portion
26 of the end portion 2 of the pipe 1, four first expanded
portions B1 locally expanded outwardly of the pipe 1 are
formed by an expanding process at equal intervals in the
circumierential direction of the pipe 1. Each first expanded
portion B1 1s disposed in each engaging dented portion 10, so
that each first expanded portion Bl 1s engaged with each
engaging dented portion 10 in the pull-out direction X1 of
pulling out the end portion 2 of the pipe 1 from the pipe
insertion hole 8, 1n 1nsertion direction X2 of inserting the end
portion 2 of the pipe 1 into the pipe insertion hole 8, and 1n the
circumierential direction’Y of the pipe msertion hole 8.

Furthermore, at the adjacent portion 3 of the end portion 2
of the pipe 1, a second expanded portion B2 locally expanded
outwardly of the pipe 1 along the entire circumierence of the
pipe 1 1s formed by the expanding process. The second
expanded portion B2 1s engaged with the tip end of the cylin-
drical portion 7 of the flange 5 1n the 1nsertion direction X2 of
inserting the end portion 2 of the pipe 1 into the pipe insertion
hole 8.

FIG. 15 1s a perspective view showing a modified embodi-
ment of the flange 5 of the tlanged pipe A4 according to the
fourth embodiment.

In the flange 5 of this modified embodiment, a single
engaging dented portion 10 1s formed at the axially interme-
diate portion of the pipe insertion hole 8 on the inner periph-
cral surface 9 of the pipe mnsertion hole 8 along the entire
circumierential direction of the pipe insertion hole 8. The
engaging dented portion 10 1s formed by, for example, cutting
work.

Further, no chamiering 1s made on each of the angular
portions 11 between the inner peripheral surface 9 of the pipe
insertion hole 8 of the flange 5 and the 1inner side surface of the
engaging dented portion 10. Therefore, the angular portion 11
1s angular. Furthermore, the cross-sectional angle of this
angular portion 11 1s set to 90°.

When joiming the flange S to the end portion 2 of the pipe 1,
the joining can be performed by using the die 20 of the
manufacturing device 30 of the alorementioned first embodi-
ment or the die 20 of the manufacturing device 30 of the
alorementioned second embodiment. By this joining work,
the end portion 2 of the pipe 1 1s expanded so that the end
portion 2 of the pipe 1 1s engaged with the engaging dented
portion 10 along the entire circumierential direction of the
pipe insertion hole 8 1n the pull-out direction X1 of pulling out
the end portion 2 of the pipe 1 from the pipe insertion hole 8,
and 1n the msertion direction X2 of inserting the end portion
2 of the pipe 1 into the pipe mnsertion hole 8.

Fifth Embodiment

FIG. 16 1s an explanatory view showing a manufacturing,
method of a tlanged pipe A5 according to a fifth embodiment
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of the present invention. This manufacturing method will be
explained focusing on the points ditferent from the aforemen-
tioned first and second embodiments.

In the fifth embodiment, the flange 5 with a cylindrical
portion 7 1s a member not formed by pressing a metal plate,
but 1s a member formed by subjecting a forged member, an
extruded member, or a die-cast member as a raw material to
cutting work, or a member formed by a die-cast method.

At the portion of the inner peripheral surface 9 of the pipe
insertion hole 8 of the flange 5 located at the side of the
connecting surface 5a of the tlange 3, a plurality of engaging
dented portions 10 are formed at intervals in the circumfier-
ential direction of the pipe 1nsertion hole 8 so as to face the
inner side of the pipe insertion hole 8 and the connecting
surface 5a side of the flange 5. In detail, each engaging dented
portion 10 1s formed 1n the region from the axially interme-
diate portion of the pipe insertion hole 8 to the connecting
surtace 3a of the flange 5 on the inner peripheral surface 9 of
the pipe msertion hole 8 of the flange 5. The number of the
engaging dented portions 10 1s, for example, four. Each
engaging dented portion 10 1s formed by, for example, cutting
work, or formed by forging or die-cast.

No chamfiering 1s made on the angular portion 11 between
the inner peripheral surtace 9 of the pipe insertion hole 8 of
the flange 5 and the 1nner side surface 10q of each engaging
dented portion 10. Therefore, the angular portion 11 1s angu-
lar. The cross-sectional angle of this angular portion 11 1s set
to 90°.

Furthermore, the tflanged pipe AS 1s manufactured by the
same method as the manufacturing method of the flanged pipe
A2 of the aforementioned second embodiment. Although not
illustrated 1n FIG. 16, a restriction member 1s preferably
disposed outside the cylindrical portion 7 of the flange 35
during the expanding process.

In this flanged pipe AS, at the end face portion 2a of the end
portion 2 of the pipe 1, a total of four first expanded portions
B1 each locally expanded outwardly of the pipe 1 by an
expanding process are formed at equal intervals in the cir-
cumierential direction of the pipe 1. Each first expanded
portion B1 1s positioned 1n each engaging dented portion 10
and engaged with each engaging dented portion 10 1n the
pull-out direction X1 of pulling out the end portion 2 of the
pipe 1 from the pipe msertion hole 8 and 1n the circumieren-
tial direction Y of the pipe msertion hole 8.

Furthermore, at the adjacent portion 3 of the end portion 2
of the pipe 1, a second expanded portion B2 locally expanded
outwardly of the pipe 1 by the expanding process 1s formed
along the entire circumierence of the pipe 1. This second
expanded portion B2 1s engaged with the tip end of the cylin-
drical portion 7 of the flange 5 1n the insertion direction X2 of
inserting the end portion 2 of the pipe 1 into the pipe insertion
hole 8.

In the fifth embodiment, as mentioned above, the plurality
of engaging dented portions 10 are formed on the portion of
the inner peripheral surface 9 of the pipe insertion hole 8 of
the flange 5 located at the side of the connecting surface Sa of
the flange 5 at intervals in the circumierential direction of the
pipe msertion hole 8. Therefore, i the present invention,
other than the above, for example, 1t can be configured such
that the number of the engaging dented portions 10 1s one and
that this engaging dented portion 10 1s formed on the side of
the connecting surface Sa of the tlange 5 on the 1nner periph-
eral surface 9 of the pipe insertion hole 8 of the tlange 3 along
the entire peripheral surface 9 of the pipe insertion hole 8. In
this case, the end portion 2 of the pipe 1 1s subjected to an
expanding process so that the end portion 2 1s engaged with
the engaging dented portion 10 along the entire periphery of
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the circumierential direction of the pipe insertion hole 8 in the
pull-out direction X1 of pulling out the end portion 2 of the
pipe 1 from the pipe mnsertion hole 8.

Sixth Embodiment

FIG. 17 1s an explanatory view showing a manufacturing,
method of a flanged pipe A6 according to a sixth embodiment
of the present invention. This manufacturing method will be
explained focusing on the points different from the aforemen-
tioned first and second embodiments.

In this sixth embodiment, the flange 5 has no cylindrical
portion. This flange 5 1s a member formed by subjecting a
forged member, an extruded member, or a die-cast member as
a raw material to cutting work, or a member formed by a
die-cast method.

At the portion of the 1inner peripheral surface 9 of the pipe
insertion hole 8 of the flange 5 located at the side of the
connecting surface 5a of the tlange 3, a plurality of engaging
dented portions 10 are formed at intervals in the circumfier-
ential direction of the pipe mnsertion hole 8 so as to face the
inner side of the pipe insertion hole 8 and the connecting
surface 5a side of the flange 5. In detail, each engaging dented
portion 10 1s formed in the region from the axially interme-
diate portion of the pipe insertion hole 8 to the connecting
surface 5a of the flange S on the inner peripheral surface 9 of
the pipe insertion hole 8 of the flange 5. The number of the
engaging dented portions 10 1s, for example, four. Each
engaging dented portion 10 1s formed by, for example, cutting
work, or formed by forging or die-cast.

No chamifering 1s made on the angular portion 11 between
the inner peripheral surface 9 of the pipe msertion hole 8 of
the flange 5 and the 1nner side surface 10q of each engaging
dented portion 10. Theretfore, the angular portion 11 1s angu-
lar. The cross-sectional angle of this angular portion 11 1s set
to 90°.

Furthermore, the flanged pipe A6 1s manufactured by the
same method as the manufacturing method of the flanged pipe
A2 of the atorementioned second embodiment. In this sixth
embodiment, since the flange 3 has no cylindrical portion, 1t
1s not necessary to use a restriction member during the
expanding process.

In this flanged pipe A6, at the end face portion 2a of the end
portion 2 of the pipe 1, a total of four first expanded portions
B1 each locally expanded outwardly of the pipe 1 by an
expanding process are formed at equal intervals in the cir-
cumierential direction of the pipe 1. Fach first expanded
portion B1 1s positioned in each engaging dented portion 10
and engaged with each engaging dented portion 10 1n the
pull-out direction X1 of pulling out the end portion 2 of the
pipe 1 from the pipe nsertion hole 8 and 1n the circumieren-
tial direction Y of the pipe msertion hole 8.

Furthermore, at the adjacent portion 3 of the end portion 2
ol the pipe 1, a second expanded portion B2 locally expanded
outwardly of the pipe 1 by the expanding process 1s formed
along the entire circumiference of the pipe 1. This second
expanded portion B2 1s engaged with the tip end of the cylin-
drical portion 7 of the flange 5 1n the insertion direction X2 of
inserting the end portion 2 of the pipe 1 into the pipe insertion
hole 8.

In the atorementioned sixth embodiment, as mentioned
above, the plurality of engaging dented portions 10 are
formed on the portion of the inner peripheral surface 9 of the
pipe 1sertion hole 8 of the tlange 5 located at the side of the
connecting face 5a of the flange 3 at intervals 1n the circum-
terential direction of the pipe insertion hole 8. In the present
invention, however, other than the above, for example, 1t can
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be configured such that the number of the engaging dented
portions 10 1s one and that this engaging dented portion 10 1s
formed on the side of the connecting surface Sa of the flange
5 on the 1inner peripheral surface 9 of the pipe insertion hole 8
of the flange 5 along the entire peripheral surface 9 of the pipe
insertion hole 8. In this case, the end portion 2 of the pipe 1 1s
subjected to an expanding process so that the end portion 2 1s
engaged with the engaging dented portion 10 along the entire
periphery of the circumierential direction of the pipe nser-
tion hole 8 1n the pull-out direction X1 of pulling out the end
portion 2 of the pipe 1 from the pipe msertion hole 8.

Although several embodiments of the present mvention
were explained, the present invention 1s not limited to the
alforementioned embodiments and can be changed 1n various
mannet.

For example, in the aforementioned embodiments, the
number of dividing the die 20 1s eight. In the present mnven-
tion, however, the number of dividing the die 20 1s not limited
to eight, and can be changed variously. It can be, for example,
3 to 10, or an even number or an odd number.

In the present invention, the end portion 2 of the pipe 1 can
be subjected to an expanding process such that two or more
pull-out preventing expanded portions B1 are formed on the
end portion 2 of the pipe 1 at intervals in the pipe axial
direction.

Furthermore, in the present invention, the cross-sectional
shape of the pipe 1 1s not limited to a circular shape, and can
be, for example, a polygonal shape (e.g., a square shape or a
hexagonal shape).

Furthermore, in the present invention, a partition wall por-
tion(s) (not 1llustrated) extending in the axial direction of the
pipe 1 can be provided within the hollow portion 4 of the pipe
1.

Furthermore, 1n the aforementioned embodiment, the
wedge portion 27a of the mandrel 27 1s pressed and moved in
the axial direction of the mandrel 27 by mandrel driving
means, so that the wedge portion 27a of the mandrel 27 1s
inserted 1n the wedge hole portion 23 of the die 20. In the
present invention, however, the msertion method for inserting,
the wedge portion 27a of the mandrel 27 1nto the wedge hole
portion 23 of the die 20 1s not limited to the aforementioned
method. For example, the wedge portion 27a of the mandrel
27 can be pulled and moved in the axial direction of the
mandrel 27 by mandrel driving means so that the wedge
portion 27a of the mandrel 27 1s inserted into the wedge hole
portion 23 of the die 20.

Furthermore, the manufacturing method and the manufac-
turing device of a tlanged pipe can be constituted by combin-
ing two or more technical concepts applied to the aforemen-
tioned first to sixth embodiments.

This application claims priority to Japanese Patent Appli-
cation No. 2007-284234 filed on Oct. 31, 2007, and the entire
disclosure of which 1s incorporated herein by reference in 1ts
entirety.

It should be understood that the terms and expressions used
herein are used for explanation and have no tention to be
used to construe in a limited manner, do not eliminate any
equivalents of features shown and mentioned herein, and
allow various modifications falling within the claimed scope
of the present invention.

While the present imvention may be embodied 1n many
different forms, a number of illustrative embodiments are
described herein with the understanding that the present dis-
closure 1s to be considered as providing examples of the
principles of the invention and such examples are not
intended to limit the ivention to preferred embodiments
described herein and/or illustrated herein.
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While illustrative embodiments of the invention have been
described herein, the present invention 1s not limited to the
various preferred embodiments described herein, but
includes any and all embodiments having equivalent ele-
ments, modifications, omissions, combinations (e.g., of
aspects across various embodiments), adaptations and/or
alterations as would be appreciated by those 1n the art based
on the present disclosure. The limitations in the claims are to
be mterpreted broadly based on the language employed 1n the
claims and not limited to examples described in the present
specification or during the prosecution of the application,
which examples are to be construed as non-exclusive. For
example, 1n the present disclosure, the term “preferably” 1s
non-exclusive and means “preferably, but not limited to.” In
this disclosure and during the prosecution of this application,
means-plus-function or step-plus-function limitations wall
only be employed where for a specific claim limitation all of
the following conditions are present in that limitation: a)
“means for” or “step for” 1s expressly recited; b) a corre-
sponding function 1s expressly recited; and ¢) structure, mate-
rial or acts that support that structure are not recited. In this
disclosure and during the prosecution of this application, the
terminology “present invention” or “invention” may be used
as a reference to one or more aspect within the present dis-
closure. The language present invention or mvention should
not be improperly interpreted as an 1dentification of critical-
ity, should not be improperly interpreted as applying across
all aspects or embodiments (1.e., 1t should be understood that
the present invention has a number of aspects and embodi-
ments), and should not be improperly interpreted as limiting
the scope of the application or claims. In this disclosure and
during the prosecution of this application, the terminology
“embodiment™ can be used to describe any aspect, feature,
process or step, any combination thereot, and/or any portion
thereol, etc. In some examples, various embodiments may
include overlapping features. In this disclosure and during the
prosecution of this case, the following abbreviated terminol-
ogy may be employed: “e.g.”” which means “for example;”
and “NB” which means “note well.”

INDUSTRIAL APPLICABILITY

The present invention can be utilized as a manufacturing
method of a flanged pipe used as, for example, automobile
parts, such as, e.g., a steering support beam, a steering column
holder, a muftler, a frame, a propeller shaft, or a suspension
arm, or a piping member as parts other than automobile parts,
a manufacturing device of a tlanged pipe used for the manu-
facturing method, and a flanged pipe.
The invention claimed 1s:
1. A flanged pipe 1n which a flange having a pipe msertion
hole and a connecting surface to be connected to another
member 1s connected to an end portion of a pipe with the end
portion of the pipe inserted 1n the pipe insertion hole,
wherein at least one engaging dented portion 1s located at a
region from an axially intermediate portion of the pipe
insertion hole (8) to a position of the connecting surface
(5a) on an 1ner peripheral surface of the pipe isertion
hole of the flange (5),

wherein the end portion (2) of the pipe 1s located 1n the pipe
isertion hole (8) of the flange with an end face (2x) of
the pipe positioned within a range from the axially inter-
mediate portion of the pipe insertion hole to the position
of the connecting surface of the flange,

wherein the end portion of the pipe has a pull-out prevent-

ing first expanded portion (B1) and an adjacent portion
of the end portion of the pipe opposite to the end face
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side of the pipe has a pull-out preventing second
expanded portion (B2), are expanded, whereby the
flange 1s connected to the end portion of the pipe,
wherein the pull-out preventing first expanded portion (B1)
extends outward in a plastically deformed expanded
state such that the end portion of the pipe (B1)1s engaged
with the at least one engaging dented portion 1n a pull-
out direction of the pipe from the pipe insertion hole,
wherein the pull-out preventing second expanded portion
(B2) extends outward in a plastically deformed
expanded state such that the end portion of the pipe has
a circumierential expanded portion around a periphery
of the pipe that 1s engaged with a tip end of the cylindri-
cal portion of the flange in an insertion direction of the

pipe mnto the pipe insertion hole, 1s engaged with the at
least one engaging dented portion in a pull out direction
of pulling out the end portion of the pipe from the pipe
insertion hole,
wherein said at least one engaging dented portion includes
a plurality of through holes (10) within an axially inter-
mediate portion of a cylindrical portion (7) of the flange
penetrating 1 a thickness direction of the cylindrical
portion and arranged at intervals 1n a circumierential
direction of the pipe insertion hole, said cylindrical por-
tion of the flange being 1n a substantially non-plastically
deformed state and elastically pressing against said pipe;

wherein the plurality of through holes (10) extend entirely
through said cylindrical portion at intervals 1n a circum-
ferential direction of the pipe insertion hole, and wherein
said pull-out preventing first expanded portion (B1)
includes expanded portions that extend through said
through-holes;

wherein the flange 1s integrally provided with said cylin-

drical portion protruded opposite to the connecting sur-
face of the flange and having a hollow portion as the pipe
insertion hole.

2. The flanged pipe as recited 1n claim 1, wherein an angu-
lar portion between the inner peripheral surface of the pipe
insertion hole and an inner side surface of the at least one
engaging dented portion 1s angular, and wherein a cross-
sectional angle of the angular portion 1s set to 90° or less.

3. A flanged pipe 1n which a flange having a pipe insertion
hole and a connecting surface to be connected to another
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member 1s connected to an end portion of a pipe with the end
portion of the pipe inserted 1n the pipe msertion hole,

wherein at least one engaging dented portion 1s located at a
region from an axially intermediate portion of the pipe
insertion hole (8) to a position of the connecting surface
(5) on an 1nner peripheral surface of the pipe 1nsertion
hole of the flange (5),

wherein the end portion (2) of the pipe 1s located 1n the pipe
isertion hole (8) of the flange with an end face (2x) of
the pipe positioned within a range from the axially inter-
mediate portion of the pipe msertion hole to the position
of the connecting surface of the flange,

wherein the end portion of the pipe has a pull-out prevent-
ing first expanded portion (B1) and an adjacent portion

of the end portion of the pipe opposite to the end face
side of the pipe has a pull-out preventing second
expanded portion (B2),

wherein the flange 1s integrally provided with a cylindrical
portion (7) protruded opposite to the connecting surface
of the flange and having a hollow portion as the pipe
isertion hole, said cylindrical portion of the flange
being in a substantially non-plastically deformed state
and elastically pressing against said pipe,

wherein said at least one engaging dented portion 1s within
said cylindrical portion, and

wherein said end portion of the pipe has a first expanded
portion (B2) that extends outward in a plastically
deformed state within said at least one engaging dented
portion and has a second expanded portion that extends
outward 1n a plastically deformed state adjacent a tip end
of the cylindrical portion such as to engage said tip end
of the cylindrical portion, whereby said {first expanded
portion (B1) engages the at least one dented portion to
inhibit movement 1n the pull-out direction and said sec-
ond expanded portion (B2) engages the tip end of the
cylindrical portion to mnhibit movement 1n the 1msertion
direction of the cylindrical portion;

wherein the axially intermediate portion of the cylindrical
portion of the flange has a plurality of through-holes
penetrating 1 a thickness direction of the cylindrical
portion and arranged at intervals 1n a circumierential
direction of the pipe insertion hole, wherein each engag-
ing dented portion 1s formed by each through-hole.
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